Abstract-Ceramic material has been widely used as insulator in vacuum. Their high hardness and brittle property brings some difficulty in the application. A new kind of machinable ceramic was invented recently. The ceramic can be machined easily and accurately after being sintered, which provides the possibility of making the insulator with fine and complicated configuration. However, the insulating strength across the surface of the machinable ceramic is not known clearly. The paper studies the surface insulation performance and flashover phenomena under pulsed excitation in vacuum. The ceramic samples with different crystallization parameters are tested under the vacuum level of 104Pa. For the comparison, the A1203 ceramic and glass slice is also tested with the same method. The microcosmic patterns of their surface are observed. The surface insulation performance is evaluated primarily. The flashover characteristic and mechanism across the machinable ceramic is discussed.
I. INTRODUCTION Ceramic materials possess good performances in the condition of high temperature and high electric field, and have been applied widely as the insulator in vacuum for a long time. Alumina ceramic is a typical and practical kind of electrotechnical porcelains in vacuum, which is popularly accepted. However, the alumina insulator has to be molded and after it being sintered its shape is difficult to being changed further. With the vacuum system being expanded to broader field, the request of the compact size make the shape of insulator to be more and more complicated. The hard and brittle properties of the alumina ceramic always bring some troubles to the insulation structure of the vacuum system. If the insulator is machined like metal, this problem could be solved easily.
Recently a novel machinable ceramic is produced [I] , which provide the possibility that produce the vacuum insulator with more nice profile. The machinable ceramic is composed of Si02-B203-Al203-ZnO-MgO-F system and alkali metal oxides, and SiO2 is the main component. It is a kind of glass ceramic with the structure like mica, with lower melting temperature (1250 1300°C) and low glass transition temperature (650°C). For the transition temperature is lower than the temperature in the cutting area (700 800°C) when the ceramic material being machined, the ductile-mode machinability of the glass ceramic is implemented in general machining equipment by universal cutter [2] .
During the process of the machining, the craft requests of cutting the machinable ceramic are most similar to the parameters of the metal. It is astonished that the continuous cutting chip can be obtained at different cutting speed. After the machining procedure, the glass ceramic can be crystallized further at a higher temperature (-750°C), through which the higher flexible strength (21OMPa) can be derived 3. This value approximates the flexible strength of alumina with the purity of 80%. The picture of some glass ceramic workpieces produced by the means of the machining is as shown in Fig. 1 . The surface of the machinable glass ceramic is very dense, which is another good characteristic for being used in the vacuum system. 4 shows the typical voltage and current waveforms while applying pulse excitation across machinable ceramic in vacuum. Fig. 4 (a) shows the waveforms while no discharge occurred at a low voltage. There is a fluctuation region appeared at the beginning of current waveform in Fig. 4 (a). We considered it as interference aroused by the geometric capacitor between the two electrodes. The oscillation of the interference current may be result from the weak current for no match impedance in the circuit. Fig. 4 (b) displayed the waveforms under a higher applied voltage. We can observe that the current begin to climb up when the applied voltage collapse suddenly, which is the waveforms of flashover occurring in the tail of the pulse voltage. When voltage waveform begin to fluctuate with decreasing amplitude at the breakdown point, and the current descend from the peak gradually with some little oscillation. A one-stage Marx generator with a waveform of -0.4/2.5 jts while no load is constructed is described in Fig. 3 . One electrode butted to the sample is connected to its output, and the other to the ground through a 25.6 mQ current viewing resistor (CVR). The applied voltage is recorded by a 4-channel digital oscilloscope (Tektronix TDS3014, 100 MHz bandwidth, LOG Sa/s sampling rate) through a HV probe (Tektronix P601 5A, 1000:1 voltage dividing ratio, 75 MHz bandwidth) and the current was measured via the CVR. All experiments were performed in the experimental chamber. The sample was mounted in a vacuum and lighttight chamber with a rear port connected with a turbo the low-probability flashover voltage VL (<I 0%), the maximum withstand voltage VM, and the residual withstand voltage VR. The low probability flashover events appear firstly with the applied voltage up to VL. When the voltage exceeds VM, the surface breakdown occurs invariably, and the flashover takes place easily in spite of decreasing the applied voltage. After the voltage drops to VR, the sample can withstand the surface shot without flashover. The surface insulation performance of all samples is summarized in Table II high power lens. But we have known that those oblique regular stripes are machining tracks. In the Fig. 6 (c2) , We can glimpse many micro grains in the clear area between the two machining tracks via high power lens. But, it is difficult to discriminate the tracks damaged by the flashover in the microscopic graph of the Fig. 6 (c2) . C. Microcosmic patterns ofthe surface structure Fig. 6 shows the optical micrographs at the edge of electrode on the surface of the samples, which is acquired by the microscope (OLYMPUS BX-5 1).
The area near the edge of electrode on the surface of the sample is always damaged more badly by surface flashover. The ablating tracks could be even easily observed by the naked eye. The obvious dark area in Fig.  6 (al) is produced by the flashover on the surface of A1203. Via the high power lens, it is found that the crystal grain of A1203 is distorted, shown in Fig. 6 (a2) .
The macroscopic and the microscopic surface of the normal glass are as shown in Fig. 6 (bi) and (b2) respectively. We can found some distinct cracks in the damaged area. And we also found many thin stripes extending from the cracked area.
The dark spot in the Fig. 6 (cl) shows the macroscopic pattern damaged by the flashover on the surface of the machinable ceramic (MA). Many evenly distributed oblique lines can be also found in Fig. 6 (cI) , which is the produced by the machining. Fig. 6 (c2) displays the microscopic surface of the sample MA. Because of the wavy surface of the MA, focusing is difficult ranged in the whole field of vision under the According to the experiment results, we found that in vacuum the insulation performance of machinable ceramic is better than it of the alumina, and far higher than that of the normal glass. The low-probability flashover voltage (VL) of the machinable ceramic (MA and MC) even exceeds the experimental results of the glass ceramic (MacorTM with the permittivity of 5.8) reported in 4 under the similar excitation.
In the Table II , it can be noted that the difference between the VL and VM of the sample MB is larger than it of MA and MC, which may be attribute to occasional factors such as the dust, micro spine on the electrodes, asymmetry surface and so on.
The process parameters during the procedure of preparation, especially crystallization temperature, have obvious effect on the surface insulation strength, which can be indicated by a rather lager difference between VR and VM of the sample MA. Based on the results, we can infer that the crystallization process on the surface has reach saturation in 2 hours (as shown in Table I ). Thus, [6] in the area between the two electrodes.
Under the strong electric field, the injection phenomena will occur [7] . Though the space charge injected from the electrode can counteract part of the applied voltage, the ionic current would be enhanced by the increasing applied voltage. In the crystal the ionic current is dominant, and the ionic conductivity induced by the unique carrier can be described in Equation (1) .
Where o is the ionic conductivity; A is a constant; B is the constant related to the activation energy (estimated by the value of the white mica, 8750). Assuming only one kind of ions involved in the behavior of ions transferring, neglecting the intrinsic excitation, the ionic conductivity of the machinable ceramic near the melting point can be estimated by Equation (1) according to the value at the room temperature, the rough relation between the temperature and conductivity is shown in Fig. 7 . It can be observed that the conductivity near the melting point of about 1000°C is about the order of 10-3_10-2Q'Im'1, by which we can estimate that the injection current can attain the levels from 10-1 to 1OA when the flashover occurs invariably (the applied voltage is about 38 40kV as shown in Table II) . When the injection current passes through a tiny spot, the local material at the spot can be melted, which maybe lead to the further enhancement of the injection. The pictures in Fig. 6 
CONCLUSIONS
The machinable glass ceramic possesses satisfied surface insulation strength. Its electrical performance is sensitive to its crystallization parameters such as the temperature and time. It also possesses the fairish ability of anti ablating, and can keep partial surface insulation strength after undergoing several flashover events. The further work, the effects of different parameters on the insulation performance such as the trapping parameters, dielectric properties, roughness, etc., will be reported in the future.
